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Multi-criteria optimisation on Poloni functions - Without constraints (n=2)
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Multi-criteria optimisation on Poloni function - Without constraints (n=16)
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Multi-criteria optimisation on Poloni function - Without constraints (n=4)
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Optimal Pareto front
WjÞ] (!   
 
"
 ë0ípÛ  
-30
-25
-20
-15
-10
-5
-25 -20 -15 -10 -5 0
F
2
F1
Multi-criteria optimisation of Poloni function - With constraints (n=16)
Optimal Pareto front
WjÛ ] (*),+ -  
	 

)\ëíÉÛ & 
/ijtk7~e=F  Ê vwoqijdRmzl!/mz~eoxrR©ª~rtsoqy¤"b7es2k7y~ins7Rrzs7y~oxqmzijsoqy±
ÏªÐ	ÑÏªÒ
 
	 !"#	$&%'	(()*+ 1;
   " ¾ p
¦
  
	 \
! 	"
eouk7y"dRmÉOind)ij«e|oqb7e ©ªrtljljr9¤"ijs7)©ªk7s7oqijrts $  &2
# $0&( L

*+,.-/ 47698 $'& , ( 3 M *,.-/ 4 698 1 $'& , (	

 *+ ,.-/  & 1,

¤"i´oqboqb7e oµ¤¦r¢s7rzsO²µljinsweFmz"rzs7y~oxqmzijsoqy 
*+,.-/ & ,  FE P4J mzs { *, -/ & ,  OE  P
$'& , ( ,.-/A@B@B@ * C5D OFI GO9J!mps { JDL MOI
POFE
 eFmzs7e  yR©ªk7s7oqijrts ijy { ev7ijoxe { rzs¨/ijtk7~e  ©ªrt J L MO±   o5e0wbwin¬7i´oqy¢sHk7d)exrzk7y5ljrOmzl
dRmÉOindRmw±
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
10
8
6
4
2
0
10
8
6
4
2
0
Keane’s function for n=2
/inzk7xe R eFmps7e  yu©ªkws7oxinrts©ªrt JL MW±
½ rzoxeoqb%mÉooqb7e v7~ey~es7erz©	mzs2mz¬wyxrtljkwoqepmzljk7e ijsoqb7e { e"%s7i´oqijrts2rz©!oqb7e ©ªk7s7oqijrtsdRmzÁzey
i´oijd)vQrzyxyxij¬7ljeoxr)k7yxem)tqm { inesHo²µ¬%mpyxe { rtvwoxind)ij«e±
Ñ!Ñ-íXwæçÔÔ
_   ()  	  '   !
	 !W#$!W '	(!"			
 R 
	T M	 
® y~oqmzs { mp { ­|® b7mzy ¬Qees\b}O¬wxi { in«e { ¤"ijoxb myoqrWYb%mzy~oxin)b7ijljl´²³ljind¬7inswd)eoxb7r { ¯ªyxee $ )& °±
ab7e|y~oxqmpoxez}ijyoqb7e ©ªrtljljr9¤"ijs7#
ab7e¬;eyoYb7~rtd)rtyxrzdRerz©oqbwekwxxesotes7exmpoqijrts§ijyYbwrtyxesAmzyoxb7eyoYmzoqijs7^v;rtijsHou©ªrt
oqbweb7ijlnl·²µlnijd¬wins75dReoqb7r { ±"® v%mzqmpdReoqeijyYb7rty~es xmzs { rtd)l´}2mzs { i´oqy"pmzljk7eijyv;eoqk7~¬Qe {
¬}m\yxdRmzljlijs7~ed)esoijs¼ei´oqbwe¢oxb7e§vwlnk7y5rt5d)ijsWkwy { ijxeoqijrts#± ® s7e¤ Ybwxrtd)rty~rtd)e iny
~eFmpoxe { ±   ©i´ob7mzyKm#"7oqs7eyxypmzljk7eR¬Qeoxoxeoxb%mzs\oqb7e¢v7xeOijrtk7yrts7ez£oqb7e¢s7e¤Ybwxrtd)rty~rtd)e
xev7lnmzeyoxb7e¢vwxeWijrtk7yrts7eRmzy oqbwe¢yoYmzoqijs7y~eFmz~Yb v;rtijsHo±   ©¶inswy~oqem { oxb7e "7oqsweyxypmzlnkweRrp©
oqbwes7e¤'Yb7xrzdRrzyxrtd)eijy¸s7rzo¸¬;eo~oqe£Àijo)ijyK~eeoqe { ± ® swe¤'v%mzqmpdReoqe¸iny¸mpmzijsYb7rtyxes
mpo|xmzs { rtd±)ab7eRv7xrWeyxyrtsoxinsHk7eyk7soqijlmzljloqb7e)v%mpqmzd)eoxe~yb%mFze¢¬;ees v;eoqk7~¬Qe { mzs {
ijdRvwxr_tedResoijyuswr¢ljrts7te"mzYb7ijeze { ±
Ê k7"y~oqxmpoqez}^¤¶mzyoqr¢mzl´oqe~s%mpoxe­|® ¤"i´oqbb7inljl·²µljijd¬7ijs77±
  	d	

 A

2  >#- S7 Ã JLNMO
ab7e|v%mzxmzd)eoxexy"©ªrtrtv;exmpoqijs7¸oqbwe­ ® ¤¦exeyxeomzy©ªrtlnljr_¤"y
v;rtv7yxij«  G
dRmÉOindRmzlsHk7d¬Qerp©/tes7exmpoqijrts7y G G G   Gw±à  Gw± GO
¬7ijs%mz}^oqrtkwxs%mzd)esHo
²³vQrtijso"~rtyxy~r9ze
dkOoYmpoxinrtsmpo"¬7i´o~²³lnetel
elji´oqijy~ouy~oxqmpoxez}
s7ijYb7edReoqb7r {   
 Gw±àpf
<ijlnl·²µlnijd¬wins7§y~oYmp~oqympooqb7e  PO   tes7exmpoqijrts mps { i´oinymzv7v7ljine { rts\oqb7eR¬;ey~o¢Gins { i´²
Wi { k%mzljy±5abwe¢y~d¢mplnlv;e~oxk7x¬7mpoqijrts\inye»Hk%mzloxr L OE $w±  e¢rtswlj} y~k7ee { e { oxr~eFmzljin«e5m
d)r { eqmÉoqeijdRvwxr_tedReso¶rz©;rtste~teswe"oqr #   L OE   $u¤"b7e~eFmzy¤"ijoxb¸oqb7eyoYmzs { mz { ­ ®£
oqbweRpmzljk7e OE  $2¤¶mzympYb7inete { ±/±	ÌijYb%mzlje¤"ij«5b%mzyrtstexte { oqr #   L OE O P P ¯ªyxee
$  &ó°mps { a ± c	 YÁ^rzsHze~te { oxr #   L OE O$FG  $j[&`±
ab7e|rtvwoxindRmzlv7mzqmzd)eoqe~ympxe { eyx~in¬;e { insoqbwe|©ªrzlnljr_¤"ins7)oYmp¬7lnep±
ÏªÐ	ÑÏªÒ
 
	 !"#	$&%'	(()*+ 1F
& / O± G Ftt & 1 w±j1F ;z ; &  w± G ;O_ &

O±ntFwt & w± G Gtt & w± G G FÉf& W±à Gpft & O±w9  & Gw± tw Gt& /	 Gw± ;  Fpt ; & /A/ Gw± ;O1F FGz & / 1 Gw± f(tzw1;& /   Gw± f7GG ;z & /  Gw± f(tttz & /  Gw± f Fp G& /  Gw± wFt G & /  Gw± f F zf F & /  Gw± fWtt& /  Gw± fH FFGzf & 1  Gw± tzfHzO
/ijtk7xe¸yxbwr9¤"y"oqbwertstextes7eb7inyoqrt}rz© 3 #ºmpymK©ªk7swoqijrts2rz©	tes7eqmpoxinrzs7y±
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
0 100 200 300 400 500 600 700 800 900 1000
M
in
 (
-F
)
Number of generations
Hybrid GA
Standard GA
/inzk7xe|R
 	 $ 3 # (¶©ªrt JL MO
2  > 3 S7 Ã JLNPO
ab7e|v%mzxmzd)eoxexy"©ªrtrtv;exmpoqijs7¸oqbwe­ ® ¤¦exeyxeomzy©ªrtlnljr_¤"y
vQrzv7yxij« f G
dRmÉOindRmzl!sHk7d¬;e"rz©/tesweqmÉoqijrts7y G G G   Gw±   GO± G Gz
¬7ijs%mz~}5oqrtk7~s%mzd)eso
²µv;rtijso"xrzyxyxr_ze
dkwoqmpoqijrtsmpo"¬7i´o~²³lnetel
eljijoxinyoyoqxmpoqez}
s7ijYb7ed)eoqb7r {  
 Gw±à
Ñ!Ñ-íXwæçÔÔ
    ()  	  '   !
	 !W#$!W '	(!"			
<ijlnl·²µlnijd¬wins7 y~oqmz~oxy)mpo¸oqb7eG  O    tes7eqmpoxinrzs¨mzs { i´o)ijy¢mpv7v7ljine { rtsoxb7e¬Qey~o ; ins { i´²
Wi { k%mzljy±Rab7e¢v;eoqk7~¬%mpoxinrts\ijye»Hk%mzloqr  L OE PO± Ê k7te~}A¬;eyo~eyxkwljoijy #    L OE   $
¯ª¤"i´oqb¼oxb7e y~oqmzs { mp { ­|®£¦¤¦e rtszexze { oqr OE t°0± /±ÌijYb%mzlje¤"ij«\b%mzyrtste~te { oqr#    L OE   ¯=y~ee $  &ó°|¤"b7inljea ± c  YÁ b%mzyrtstexte { oxr #   L OE PW± ab7ertvwoxindRmzl
v%mzxmzd)eoxexyumz~e { ey~xij¬;e { ijsoqb7e ©ªrtljlnr_¤"ijs7)oYmz¬7ljez±
& / w± w_tt & 1 w±nF Gt ; &  w±j9pf ;4G &  O±ì ;ÉfHz& w±à p & w±ìpt F ; & O± tzft & W±àtzzf& w± G FG & /	 w± GOt_ & /A/ w±j_w   & / 1 W±àtG F& /   w± G ; F4G F & /  O±àt  ; ; & /  O±  ; FOz & /  O±nFfttw& /  w± Gpf Gt & /  w±nFw1F & /  Gw± ftpf( & 1  W±àÉf Fz& 1 / O±w  Fz & 1A1 O±àGt ; & 1   Gw± fwFfzf F & 1  GO±àtpf Gt& 1  Gw± f(GO1F & 1  Gw±àOFfwt & 1  Gw±  ;pf Fp ; & 1  GO±àwz zf G& 1  Gw± ftf F ;4Gt &   Gw± ;;  F  &  / Gw± ;zw1;Éf7 &  1 GO± ;O Gt&    Gw± zf FÉf & 

Gw± ftzf &   Gw± f7_ ;  &   GO±àttztzf&   Gw± zf ;tF ; &   Gw± fzfzf G &   Gw± ;t F FÉf G &
 
GO±àtpftf&
 / Gw± f7tFf ;t &  1 Gw±àpf Gw  G &    Gw± fHt ;4Gt &   GO±ì F;Gzf F&

 Gw± f7Fftfw_ &

 Gw± fttt F &

 Gw± tzf ; F &

 GO± ;zz Fpf&

 Gw±  ;tzOG &  Gw±àtO_ Gt
/ijtk7xe§G { evwinoqyKoqbwe^rtszexzes7eb7ijy~oxrt~} rz© 3 # mzy)m©ªkws7oxinrts rz©oxb7esHk7d¬;e¸rp©tes7exmpoqijrts7y±
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Hybrid Binary Coded GA
Standard Binary Coded GA
/inzk7xe)GR
 	 $ 3 # (©ªrz J L MO
ÏªÐ	ÑÏªÒ
 
	 !"#	$&%'	(()*+ _
  + |1  Y$ &Q"
¦  &2"
ab7ijyuoxeyo~²µmzyxe|ijy"v7xrtv;rty~e { ¬H}  ± k7mztlji¹mz~eljl¹mK©ª~rtd Í   "®£Dijs   oqmzl´} $j_)&`±
  
	$# 
 A&%('5*) 	 ^ M,+	 
! 	"
eouk7y"d)inswind)ij«e # $0&( LN$K# / $'&( I # 1 $0&(=( ¤"ijoxb 
#  $'&( L


*+ ,.-/ $=$0& , 3   (1 3 GO #  $M :$'& , 3   (=( )VG O (
J
	



 L GOI
M
¤"b7exe=J L  Ow£& L?$'& , ( ,.-/A@B@B@ * C5D 3 PFEHG1MFI
P E G1M J`£  / L O mzs {  1 LNG E PO±
Ê s§	intkwxey zH¯?m°³²¯ª¬D°£ # / mps { # 1 mpxe v7ljrzoxoxe { £7©ªkws7oxinrts2rz©$'&"I L(±
80
60
40
20
0
4
2
0
-2
-4
4
2
0
-2
-4
Function F1(x,y)
Wjë@]      

120
100
80
60
40
20
0
4
2
0
-2
-4
4
2
0
-2
-4
Function F2(x,y)
W>']    	

/ijtk7~e¸tKÀlnrpoqy"rz©# / mps { # 1 mzyum¸©ªkws7oxinrts2rz©$'&"I L(£O©ªrt JLNMO±
 R &`	
 ^]M\ ('%\	 \]	 
ab7e¦dk7l´oqi·²µrt¬Weoxijzed)ins7ijd)in«mpoqijrtsKvwxrt¬7ljed ijymzljyxryxrtl´te { ¬}oxb7e ½ rts  rtd)ins%mÉoqe { hWrt~oxins7
­ es7eoqij®lnzrtxi´oqb7d k7yxe { ijs2y~eoqijrts w±
Ñ!Ñ-íXwæçÔÔ
G   ()  	  '   !
	 !W#$!W '	(!"			
  	d	

 A

ab7e { mpoqmRrp©	oxb7e­|® mz~eoqb7e ©ªrtljljr9¤"ijs7 
vQrzv7yxij«  G
dRmÉOindRmzl!sHk7d¬;e"rz©/tesweqmÉoqijrts7y  ;G   Gw±à  GO± G G 
	
 t± ;
ek7lni { inmzs { inyoYmzs7e
¬7ijs%mz~}5oqrtk7~s%mzd)eso
²µv;rtijso"xrzyxyxr_ze
dkwoqmpoqijrtsmpo"¬7i´o~²³lnetel
eljijoxinyo©ª~rtso
Ê s/ijtk7xe29iny { evwinoqe { oxb7e5etrtljkwoxinrts rz©oqbwe¢v;rtv7k7lnmpoxinrts { k7~ins7oqb7e¢tes7eqmpoxinrzs7y£
oqr_¤¶mz { oqbwerzvwoqijdRmzl!/mz~eoxrR©ª~rtsoF±
1.5
1.6
1.7
1.8
1.9
2
2.1
2.2
2.3
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2
F
2
F1
Multi-criteria optimisation on Quagliarella test-case - Evolution of the population
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